Steroids both in seminal fluid (SF) and blood serum (BS) as well as the milt quality (sperm motility and sperm production) were investigated during final maturation of Persian sturgeon. The BS levels of testosterone (T), 11-Ketotestosterone (11-KT), progesterone (P), 17α,20β,21-trihydroxy-4-pregnen-3-one (20βS), cortisol (C) and 17α,hydroxyprogesterone (OHP) elevated after pituitary preparation (PP) treatment and then decreased during stripping period for spermiating males. Such elevations did not occur for non-spermiating individuals and steroids remained in basal levels after PP treatment until the end of stripping period. For both groups (spermiating and non-spermiating fish), the BS levels of 17α,20β-dihydroxy-4-pregnen-3-one (DHP) did not show significant changes during experiment. During stripping period, the values of all tested steroids were significantly lower in SF than in BS of spermiating males. SF levels of 20βS and 11-KT showed a decreasing trend and the other steroids were unchanged during this period. Significant positive correlations were found between the values of 20βs and 11-KT in BS with their levels in SF. Also, BS and SF levels of 20βs and 11-KT were positively correlated with sperm motility characteristics (percentage and duration of motility) and sperm production (sperm density and milt volume), respectively. The results showed the probable involvement of 20βs, P, OHP, T, 11-KT and C in final maturation of Persian sturgeon, especially 20βs and 11-KT had good correlations with qualitative parameters of milt. The lower levels of steroids in SF than those in BS might also be essential for viability of Persian sturgeon spermatozoa. Probably, there are mechanisms that stabilize the concentrations of a number of hormones in the SF.
Introduction
Sturgeons are economically and culturally important in the world and the understanding of sturgeon reproduction provides a key to successful management of their populations in nature and aquaculture. At present, it is well recognized that sex steroids play an important role in hormonal control of the reproduction in fish, including sturgeons (Kime 1993; Barannikova et al. 2002) .
Final gamete maturation is a key event in the life cycle of fish being under control of the pituitary gonadotropin that stimulates production of sex steroids (Kime 1993) . The final maturation of fish spermatozoa (FMS) comprises the releasing of sperm cells from testis (spermiation) to sperm duct and the obtaining the ability to fertilize (reviewed by Miura & Miura 2003) , which could be initiated naturally in wild or induced by hormonal treatment in fish hatcheries.
Similar to teleosts, the FMS is under control of reproductive hormones in Acipenseridae. Semenkova et al. (2002) showed that the serum levels of testosterone (T), 11-Ketotestosterone (11-KT) and progesterone (P) elevate after luteinizing hormone-releasing hormone analogue (LH-RH-A) treatment in spermiating males of stellate, Acipenser stellatus Pallas, 1771, whereas such elevations were not observed in nonspermiating individuals. In another study, similar results were reported on same species where the concentrations of T, 11-KT and 17α,20β,21-trihydroxy-4pregnen-3-one (20ßS) increased after LH-RH-A treatment (Bayunova et al. 2006) . Also, the T and 11-KT levels showed increasing trends during gonadal development of giant sturgeon, Huso huso (L., 1758), Russian sturgeon, Acipenser gueldenstaedtii Brandt, 1833 and stellate males (Barannikova et al. 2004) . Cortisol (C) levels reflect generally the level of stress in fish, including sturgeons (Pickering 1989; Barton et al. 1998; Belanger et al. 2001; Bayunova et al. 2002) . Apart from this function, C has been considered as an endocrine component of the reproductive system in teleost fish (Billard et al. 1981 ) and in sturgeon BS levels of C significantly increased after pituitary preparation (PP) treatment in BS .
After spermiation, fish spermatozoa are plunged in seminal fluid, a liquid medium composed of organic and inorganic components which protect the sperm cells till spawning or stripping. In such medium, spermatozoa are immotile due to its osmolality and composition. During reproduction, fish spermatozoa are rendered motile after discharge into the aqueous environment (reviewed by .
The investigation of seminal fluid composition and its relationship with sperm motility characteristics is of considerable issue in order to the determination of biomarkers of milt quality as well as recognition of important metabolic pathways involved in sperm motility. In this regard, interesting results were found in fish species, for example, positive correlations between the percentage of motile spermatozoa (% motility) and Na + , K + , pH, osmolality in rainbow trout, Oncorhynchus mykiss Walbaum, 1792 (Lahnsteiner et al. 1998 ); % motility vs. pH in Chinook salmon, Oncorhynchus tshawytscha (Walbaum, 1792) (Ingermann et al. 2002) ; % motility vs. Ca 2+ , Mg 2+ , K + , Cl − , Na + and total protein in Caspian brown trout, Salmo trutta caspius Kessler, 1877 (Hajirezaee et al. 2010) ; % motility vs. Na + , K + , total protein, pH and osmolality in Alburnus alburnus (L., 1758) (Lahnsteiner et al. 1996) and also negative correlations between the % motility and the concentrations of Ca 2+ , Mg 2+ , Na + , K + in European eel, Anguilla anguilla (L., 1758) (Perez et al. 2003) . To our knowledge, although little information is available on steroid levels of seminal fluid in fish (Scott et al. 1991) , there are no data about steroid levels in seminal fluid of sturgeons, including Persian sturgeon.
In this study, steroids in BS and SF as well as the sperm motility and sperm production (as two important indicators of milt quality) were measured to determine their probable relationships during final maturation of Persian sturgeon, Acipenser persicus Borodin, 1897 spermatozoa.
Material and methods

Male brooders
Nine Persian sturgeon males (TL = 120-148 cm, weight = 19.5-21 kg) were captured in the southern part of the Caspian Sea during March to June 2008 and transported to Shahid Beheshti Artificial Sturgeon Propagation and Rearing Center (SAPRC), Iran, Rasht. After delivery to SAPRC, the males were kept in pond (1 m × 4 m × 8 m) with flow of river water (about 1.5 m 3 /min). During the experiment, the water temperature was 16-18 • C, dissolved oxygen was 8-8.3 mg L −1 and pH 7.3-7.5.
Just before the experiment, to induce spermiation, the males were injected intramuscularly with pituitary preparation (PP) at doses of 50-70 mg (Kohneshahri & Azari Takami 1974) . The pituitary glands were obtained from commercial sturgeon catch (the donor should be a mature pre-spawned fish) and then placed into vials filled with pure acetone, and remained totally immersed for 18 hours. After that, the pituitaries were weighed, placed on a filtering tissue, and taken into a desiccator. For injection, the dried pituitaries firstly were crushed into a fine powder in a porcelain-mortar and then mixed with saline solution (0.7% NaCl) in the ratio of 10 mg pituitary: 1 mL saline solution.
After injection, the males were checked every 6 hours to detect the onset of spermiation.
Milt collection and measurement of milt volume, sperm density and sperm motility
Approximately after 23 h, 6 males were spermiated and the rest did not respond to injection. From each spermiating males, the milt samples were collected by hand (i.e., massage from the anterior portion of the belly (testis region) towards the genital papilla) four times in 12 h intervals: at the beginning of spermiation (first striping) and 12 h (second stripping), 24 h (third stripping) and 36 h (fourth stripping) after first stripping.
After the measurement of milt volume by scaled vials, a little amount of milt was allocated for analysis of sperm density and sperm motility and the remainders were centrifuged (Heraeus, Sepatech, Labofuge 200, Germany, 5000 rpm for 10 min) to separate the SF. The SF samples were stored at −20 • C until hormonal analysis.
Sperm density was measured by haemocytometer counting chamber according to . In this regard, milt was diluted 1000 times in a 0.7% of NaCl solution. Then, a droplet of the diluted milt was placed on a haemocytometer slide (depth 0.1 mm) with a coverslip. After 10 min (a time to allow sperm sedimentation), the spermatozoa were counted in 16 individual cells of haemocytometer under a light microscopy. At the end, the number of spermatozoa was calculated as follows:
Sperm density (ml −1 ) = 1000 × number of counted sperm/[area (mm 2 ) × chamber depth (mm) × dilution ratio.
To induce the initiation of sperm motility, a 50 µl drop of freshwater placed on a glass slide and then a drop of 1 µl fresh sperm was diluted using a microsampler. Then, sperm motility was estimated by a semi-quantitative method (Rurangwa et al. 2004) . In this regard, the motility was recorded by a videocamera coupled with the optical lens of microscope. At the end, the video recordings were reviewed and the motility was presented as the percentage and duration of motility after the onset of motility until 100% of cells were immotile. Only forward-moving sperm were judged motile, those simply vibrating or turning on their axes was considered immotile (Aas et al. 1991 ).
Blood collection
Five blood samples were taken from the caudal vein of males using heparinized syringe: at the time of the PP treatment; at the beginning of spermiation (first stripping) and 12 h, 24 h and 36 h after the first stripping. The blood samples were centrifuged (5000 rpm for 10 min) to separate the serum. Then, the serum samples were stored at −20 • C until hormonal analysis.
Steroid assays
Radio Immuno Assay (RIA) for cortisol, testosterone, progesterone, 17α, hydroxyprogesterone and 17α,20β,21trihydroxy-4-pregnen-3-one measurements
We used Direct Radio Immuno Assay method (DRIA) which was a simplified method of Canario & Scott (1989) method according to (Stanczyk et al. 2007 ). This method does not incorporate a purification step (extraction) before quantification of the analyte. Assay kits of C, T, P, and OHP were obtained from IMMUNOTECH Company, France. For 20βS measurement, the assay kit (including antibody and tracer) were prepared in laboratory since there is not a known commercial kit for this steroid.
Kit properties
Cortisol kit: Sensitivity: 10 nM; specificity: mainly crossreactivity with 11 deoxycortisol: 18%, corticosterone: 8.4%, 21-deoxycortisol: 7.5%, deoxycorticosterone: 7.3%, prednisolone: 6%, 17-hydroxyprogesterone: 3.5%, dihydrocortisol: 2.4%, 5-dihydrocortisone 2.3%, progesterone: 1.8%, cortisone: 1.5%, pregnenolone: 1.1%, allotetrahydrocortisone: 0.8%; intra-and inter-assay coefficients of variation: 5-12%. Testosterone kit: Sensitivity: 0.04 ng mL −1 ; specificity: mainly cross-reactivity with 5α-dihydrotestosterone: 10%, 19-nortestosterone: 5%, 11β-hydroxytestosterone: 2%, methyltestosterone: 2%, 5α-androstane-3β,17β-diol: 2%, 5βandrostane-3α,17β-diol: 1%, 5α-androstane-3β,17β-diol: 1%, ∆4 androstenedione: 0.6%; intra-and inter-assay coefficients of variation: 4-9%. Progesterone kit: Sensitivity: 0.03 ng mL −1 ; specificity: 5α-pregnanedione: 13.8%, 5β-pregnanedione: 7.7%, corticosterone: 1.81%, 20α-dihydroprogesterone: 0.96%, 11deoxycorticosterone: 0.96%, 16α-hydroxyprogesterone: 0.85%, pregnenolone:
0.67%, 6β-hydroxyprogesterone: 0.64%; intra-and inter-assay coefficients of variation: 3-18%. 17α,hydroxyprogesterone kit: Sensitivity: 0.06 ng mL −1 ; specificity: 11-deoxycortisol: 1.5%, 17α-hydroxypregnenolone: 1.14%, progesterone: 0.99%, 5α-pregnan-3,20-dione: 0.58%, 21 deoxycortisol: 0.58%, spironolactone: 0.38%; intra-and inter-assay coefficients of variation: 4-10%]. 17α,20β,21-trihydroxy-4-pregnen-3-one kit: For 20βS measurement, the assay kit (including antibody and tracer) were prepared laboratory since there is not a commercial kit for this steroid. The properties of made kit were: sensitivity: 8 pg/tube; specificity: mainly cross-reactivity with 20β hydroxyl-4-pregnen-3-one 0.08%, 3β,17α,20β-trihydroxy-5pregnene 0.4%, 17α,20β,21-trihydroxy-4-pregnen-3-one 100%, sensitivity: 8 pg/tube; intra-and inter-assay coefficients of variation: 3-7%.
Each commercial assay kit contained two necessary reagents, i.e., antibody and tracer (labeled antigen). As mentioned previously, the antibody and tracer of 20βS were prepared in laboratory as follow: the antibody against 20βS was raised in sheep using the procedure described by Scott et al. (1982) . For tracer, an aliquot of tritiated 11deoxycortisol ([1,2 −3 H(N)] 11 deoxycortisol; Medical Isotopes Inc Company, Catalog No. 10766) was used to prepare the tritiated 17α,20β,21-trihydroxy-4-pregnen-3-one ( +3 H-20βS) using the 20β-HSD (20β-hydroxysteroid dehydrogenase, Sigma Chemical Company) procedure described by Scott et al. (1982) .
Assay procedure
Step 1: Mixing of antibody, tracer and sample containing antigen: for each hormone, the following mixtures were provided: [C: 50 µL seminal fluid or blood serum + 500 µL of tracer ( 125 I-cortisol) in polystyrene tube coated by antibody and incubation for 1 h at 18-25 • C with shaking; T: 50 µL seminal fluid or blood serum + 500 µL of tracer ( 125 Itestosterone) in polystyrene tube coated by antibody and incubation for 1 h at 37 • C with shaking; P: 50 µL seminal fluid or blood serum + 500 µL of tracer ( 125 I-progesterone) in polystyrene tube coated by antibody and incubation for 1 h at 18-25 • C with shaking; OHP: 50 µL seminal fluid or blood serum + 1 mL of tracer ( 125 I-17α-OHP) in polystyrene tube coated with antibody and incubation for 3 h at 37 • C with shaking; 20βS: 50 µL sample (seminal fluid or blood serum) were diluted with 1.2 ml of assay buffer and heated at 80 • C for 1 h. After centrifugation at 2000 rpm for 15 min, 100 µL aliquots were transferred to assay tubes (polystyrene tube). Tracer and antibody were added in a further 100 µL of assay buffer, and the tubes left to incubate overnight at 4 • C.
Step 2: The content of polystyrene tubes (antibody, tracer and seminal or serum sample) were discharged completely and then polystyrene tubes applied to a Gamma counter (LKB 182 Compugamma CS, LKB Wallac, Finland) for measurement of absorption spectrum and subsequently calculation of hormone concentration with using related standard curve.
Enzyme-Linked Immunosorbent Assay (ELISA) for 17α, 20β-dihydroxy-4-pregnen-3-one (DHP) and 11-ketotestosterone measurements Kit properties: (Catalog No.400042) and Tween 20 (Catalog No.400035) was applied. The Kit properties were: sensitivity: 1.3 pg mL −1 ; specificity: mainly cross-reactivity with adrenosterone 2.9%, 4androsten-11β,17β-diol-3-one 0.01%, 5α-androstan-17β-ol-3-one <0.01%, 5α-androsten-3β,17β-diol <0.01%, testosterone <0.01%; intra-and inter-assay coefficients of variation: 7.9-44.1%. Assay procedure: The assay procedure has been described in detail in the presented Protocol by Corporation (protocol address: http://www.caymanchem.com/ app/template/Product.vm/catalog/582751/a/z).
Statistical analysis
The SPSS software was used for data analysis. The values of milt volume, sperm density and concentrations of steroids in the BS and SF were normal according to Kolmogorov Smirnov test but because of percentage data (percentage of motile spermatozoa) did not have a normal distribution, proportional data were converted by angular transformation (arcsin √ p). One-way analysis of variance (ANOVA) was employed to compare the means of milt parameters and steroids. When significant F -ratios were calculated by ANOVA, the Tukey test was applied to identify which means were different. The correlations between the concentrations of steroids in the BS and SF and also, their relationships with sperm motility characteristics and sperm production were tested using the bivariate correlation coefficients of Pearson.
Results
The blood serum (BS) levels of testosterone (T) (Fig. 1) , 11-Ketotestosterone (11-KT) ( Fig. 1) , progesterone (P) (Fig. 3) , 17α,hydroxyprogesterone (OHP) (Fig. 3) , 20βS ( Fig. 3) and cortisol (C) (Fig. 1 ) elevated significantly (P < 0.05) after pituitary preparation (PP) treatment and then decreased during the stripping period for spermiating males. Such elevations were not observed for non-spermiating individuals and steroids remained in basal levels after pituitary preparation (PP) treatment until the end of the stripping period (Figs 5, 6, P > 0.05). Also, the BS levels of 17α,20βdihydroxy-4-pregnen-3-one (DHP) did not show significant changes both in spermiating and non-spermiating males during final maturation (Figs 3, 6, P > 0.05).
During stripping period of spermiating males, the values of all tested steroids were significantly lower in seminal fluid (SF) than in BS (Table 1 , P < 0.05). Just SF levels of 20βS ( Fig. 4 ) and 11-KT (Fig. 2) showed a decreasing trend (P < 0.05) and the other steroids were unchanged during this period (P > 0.05). The milt quality parameters showed decreasing trends during stripping period (Table 2 , P < 0.05). In this study, significant positive correlations (P < 0.01) were found between the values of 20βs and 11-KT in BS with their levels in SF (Bivariate Coefficient= 0.753 for 20βs, Bivariate Coefficient = 0.760 for 11-KT). Also, BS and SF levels of 20βs and 11-KT were positively in correlation with sperm motility (percentage and duration of motility) and sperm production (sperm density and milt volume), respectively (Table 3 , P < 0.01).
Discussion
Steroids in blood
In the spermiating males of Persian sturgeon, the BS concentrations of 20βs, P, OHP, T, 11-KT and 10.00 ± 2.20 a 9.10 ± 5.40 a 11.30 ± 3.30 a 11.00 ± 3.60 a Explanations: Statistical differences between the steroid levels of BS and their levels in SF are shown as* (P < 0.05) and also statistical differences in steroid levels of SF during stripping period were shown by different letters (P < 0.05). Three males yielded no milt in fourth stripping.
C elevated after PP treatment and then decreased from maximum levels at the beginning (first stripping) of spermiation to basal levels towards the end of stripping period. In contrast, the levels of these steroids were lower and did not show any changes after PP treatment and during stripping period in nonspermating individuals. Also, the BS levels of DHP were low throughout the experiment both in spermiating and non-spermiating males. These findings are in agreement with previous observations on sturgeons where the BS levels of T, 11-KT, P and 20βS were higher after LH-RH-A treatment in spermiating males of stellate compared to non-spermiating individuals Bayunova et al. 2006) . Generally, BS levels of steroids reflect the net sum of synthesis and secretion and metabolism and clearance (Pankhurst & Van Der Kraak 2000) . Three types of testicular cells including sertoli cells, interstitial cells and germinal cells have showed steroidogenic activities, although the nature and amount of secreted steroid by these cells is different between teleost and elasmobranch fish (Vizziano et al. 1996) .
In a review article, Nagahama (1988) with emphasis on amago salmon, Oncorhynchus rhodurus Jordan et McGregor, 1925 has described the pathways of synthesis of steroids and enzymes that mediate these pathways. In this study, it is likely that the failed spawning of non-spermiating males was associated with absence of steroid synthesis by testicular cells. Anyway, the comparison of steroids between mature and immature fish can highlight the main steroids involving in final maturation.
Serum cortisol is the most commonly measured indicator of stress in fish including sturgeons that usually provides a good reflection of the severity and duration Explanations: Statistical differences are shown by different letters (P < 0.05). Three males yielded no semen in fourth stripping. of the stress response (Barton & Iwama 1991; Wendelaar Bonga 1997; Fevolden et al. 2002) . Cortisol has also been considered as an endocrine component of the reproductive system in teleost fish (Billard et al. 1981) and in sturgeon .
In Persian sturgeon males, the maximum levels of cortisol were observed 23 h after PP treatment (i.e., at the time of first stripping) and afterward its values decreased to basal levels in second, third and fourth stripping. Several studies showed the stress dependent changes of plasma cortisol in fish. The milt collection involves the handling (as an unavoidable management stressor) of fish that mostly is accompanied with elevations in serum cortisol levels. But, there was not any elevation in cortisol levels of blood after first milt collection practice from Persian sturgeon. This problem may be due to the long intervals (12 h) between blood samplings so that probably the cortisol levels have increased and returned to resting levels before each stripping, thus, we could not observe any elevation in serum cortisol at the different times of blood sampling. It was observed that usually the cortisol levels return to resting level within 2.5-4 h after the onset of short-term management stressors in white sturgeon, Acipenser transmontanus (Belanger et al. 2001 ). On the other hand, the considerable increases of cortisol after a long gap (Approximately 22-24 h) between the PP injection and the beginning of spermiation emphasis the probable role of this steroid in final maturation of spermatozoa as same results have been reported for stellate (Bayunova et al. 2006) . These authors observed the maximum levels of cortisol 8 h after spawning induction of stellate males. Several studies have agreed about controversial effects of corticosteroids (mainly cortisol) on fish reproduction (reviewed by Milla et al. 2009 ). In some examined female fish cortisol had suppressive effects on sex steroids and, on the other hand, sex steroids were involved in inhibition or stimulation of gonad and interrenal secretion of corticosteroids (reviewed by Milla et al. 2009 ). Similar to stellate, in this study, the elevation of sex steroids after hormonal treatment was accompanied with increasing of plasma cortisol. This parallel trend between cortisol and other sex steroids is contrary to results which have suggested a disruptive role of sex steroids for cortisol. This problem shows that probably, secreted sex steroids in response to hormonal treatment stimulate the secretion of cortisol in Persian sturgeon and stellate, as several studies showed the induced secretion of cortisol by some sex steroids (Pottinger et al. 1996; Barry et al. 1997) . Observations in vitro have been demonstrated that cortisol synergically increases the sensitivity of oocytes to the Maturation Inducing Steroid (MIS) in rainbow trout (Jalabert & Fostier 1984) , although this issue has not been investigated for male sex of fish so far. On the other hand, although there is no study about the effects of different dosage of cortisol on sex steroid profile of sturgeons, but it is likely that cortisol exerts disruptive effects on sex steroids in levels higher than reported levels for Persian sturgeon in present study and stellate (Bayunova et al. 2006) .
Steroids in seminal fluid
Fish seminal fluid (SF) has a unique composition regarding the presence of organic and inorganic com-pounds which support the spermatozoa till spawning or stripping. In this regard, several studies have showed the significant relationships between the composition of seminal fluid and sperm motility (Hajirezaee et al. 2010) . Sex steroids are inorganic components which play an important role in hormonal control of the reproduction in fish including sturgeons (Kime 1993; Barannikova et al. 2002) . During stripping period of Persian sturgeon, the steroids in SF showed changes other than in blood. The values of all tested steroids were significantly lower in SF than in BS. The concentrations of OHP, DHP, T and P in SF did not show obvious changes whereas the levels of 11-KT and 20βs gradually decreased from maximum levels at the beginning of stripping towards its end. Also, there was positive correlation between the values of 20βs and 11-KT in BS with their levels in SF.
The differences between the steroid values of SF and BS provide evidence that the sturgeons have mechanisms stabilizing the concentrations of a number of hormones and metabolites in the SF at the optimum level, which may be important for sperm cells. For example, cortisol levels lower in the SF than in BS may be a protective mechanism for the Persian sturgeon spermatozoa from the adverse effects of high corticosteroid concentrations in stressful conditions. Of course, it is essential to say that urine could be one of potential sources of steroids in seminal fluid, although we did not carry out any analysis of urine in this study. Scott et al. (1991) demonstrated that contamination of milt with urine during the hand stripping procedure is one of sources of steroids in the seminal fluid of plaice Pleuronectes platessa (L., 1758), dab Limanda limanda (L., 1758), flounder Platichthys flesus (L., 1758), gold fish Carassius auratus (L., 1758) and rainbow trout. It is obvious that contamination of milt with urine complicates the precise analysis of steroids and probably other materials in seminal fluid. As a suggestion, simultaneous analysis of seminal fluid and urine and also to be sure of urinary bladder emptiness could be good strategies for precise analysis of chemical parameters and their changes in seminal fluid during reproduction.
Steroids in blood and seminal fluid in relation to milt quality
In this study, the SF and BS levels of 20βs and 11-KT showed good correlations with sperm motility characteristics (percentage and duration of motility) and sperm density, respectively. These data indicate that the 20βs and 11-KT may be important steroids involved in final maturation of Persian Sturgeon spermatozoa. In some teleosts such as japanese eel, Anguilla japonica Temminck et Schlegel, 1846, rainbow trout and Chum salmon, Oncorhynchus keta (Walbaum, 1792), it is suggested that 17α,20β-dihydroxy-4-pregnen-3-one (DHP) is related to the regulation of sperm maturation in SF (Miura et al. 1991a, b; 1992) . In this regard, the DHP indirectly mediate the increasing of seminal plasma pH, which in turn increases the sperm content of cAMP, thereby allowing the acquisition of potential of motility (Miura et al. 1991a (Miura et al. , 1992 (Miura et al. , 1995 . In Persian sturgeon and stellate (Bayunova et al. 2006) , the BS levels of DHP did not show significant change both in mature and non-mature males. This fact shows that the DHP is not probably a key steroid in maturation of Persian sturgeon spermatozoa and stellate, although this result is contrary to the data on teleosts where the DHP has been suggested as an important maturation inducing steroid (MIS) (reviewed by Miura & Miura 2003) . Contrary to DHP, the SF and BS levels of 20βs and 11-KT showed good correlations with sperm motility and sperm density respectively.
A few studies have demonstrated that 20βs could be the main steroid involved in the final maturation of spermatozoa. In Atlantic croaker, Micropogonias undulates (L., 1766), the plasma 20βs elevated during spermiation period which was associated with high sperm motility and fertilization success (unpublished observation). On the other hand, in vitro treatment of milt with 20βs interestingly improved the decreased croaker sperm motility outside the peak of the spawning season in terms of percent motile sperm, velocity and angular velocity (rate of change of direction) (Thomas et al. 2004 ). Furthermore, dotropin and forskolin (mimics of gonadotropin) and gonadotropin caused significant increases in sperm 20βs membrane receptor concentrations in Atlantic croaker (Thomas et al. 2005 ) and spotted seatrout, Cynoscion nebulosus (Cuvier, 1830) (Thomas et al. 1997 (Thomas et al. , 2001 . Competitive binding assays in Atlantic croaker demonstrated that 20βs shows more binding affinity than other C21 steroids to surface receptors of spermatozoa (Thomas et al. 2005) . Immunofluorescent analysis of Atlantic croaker spermatozoa showed the localization of membrane progestin receptors (mPRs) in midpiece part (a mitochondria-rich region) of sperm (Thomas et al. 2005) . This localization of mPRs is consistent with its proposed role in mediating 20βs-induced increases in sperm motility in croaker (Thomas 2004; Thomas et al. 2004 a, b) . Regarding the above observations, it is likely that the acquisition of potential of sperm motility is regulated by 20βs in Persian sturgeon. As a suggestion, this hypothesis could be fortified by immunofluorescent analysis of 20βs receptors of Persian sturgeon spermatozoa in future studies. In the present study, another indicator of milt quality, i.e., sperm density had a good correlation with 11-KT, indicating the probable role of 11-KT in spermiation. In males of teleost fish, it is well recognized that T and 11-KT are the predominant androgens. T acts as a precursor of 11-KT and could be involved in spermatogenesis and 11-KT is involved in the initiation of spermiation (Nagahama 1983; Yaron 1995) .
Conclusions
In spermiating Persian sturgeon males, the PP treatment successfully increases plasma levels of sex steroid, indicating sex steroid related failure of spawning in nonspermiating individuals. The plasma elevations of 20βs after PP treatment and also its good correlation with sperm motility suggests that this steroid may be more potent MIS in Persian sturgeon than DHP. The correlation of 11-KT with sperm density indicates that probably this hormone has positive effect on spermiation rate. The lower levels of steroids in SF than those in BS might be essential for viability of Persian sturgeon spermatozoa. Probably, there are mechanisms that stabilize the concentrations of a number of hormones in the SF.
